Introduction {#section1-ejo.5000914}
============

Primary rhegmatogenous retinal detachment (PRRD) treatment has evolved since Gonin ([@bibr1-ejo.5000914]) described the principle for sustained surgical success as finding and closing the break, in addition to subretinal fluid (SRF) drainage. Subsequently, Custodis ([@bibr2-ejo.5000914]) reported the first segmental scleral sponge exoplant surgery, followed by Schepens et al ([@bibr3-ejo.5000914]) describing an encircling scleral buckle (SB) procedure. It is well-known that placement of the SB is technically demanding: prolonged surgical time and complications can eventually appear. However, these rare complications may be justified by the benefits of SB surgery, such as the low risk of glaucoma ([@bibr4-ejo.5000914]) and cataract development, the reduction in surgery cost ([@bibr5-ejo.5000914]), and superior or similar outcomes when compared with pars plana vitrectomy (PPV) ([@bibr6-ejo.5000914]).

Although new techniques and devices have been developed to improve the reattachment rate and functional outcomes, debate concerning what is best practice for treating phakic PRRD continues. Even though the development of multiple new techniques has improved the success rate, we still need to identify the optimal approach to provide successful long-term anatomical and functional outcomes that would be cost-effective and avoid development of cataract or the rise in intraocular pressure (IOP) that can lead to glaucoma ([@bibr7-ejo.5000914]).

There are numerous surgical options for reattaching the retina in retinal detachment (RD); one of the most important factors for a successful outcome is the correct selection of the patient, in addition to the characteristics of the RD ([@bibr8-ejo.5000914]) and the retinal surgeon\'s expertise. However, in most cases, it is the surgeon who chooses a particular technique based on his or her ability. There is increasing evidence that the use of PPV to treat PRRD is on the rise ([@bibr9-ejo.5000914]). However, some of these cases can be safely managed with SB without the need of PPV; the single operation successful rates are similar, and PPV may hold a risk of proliferative vitreoretinopathy (PVR), in addition to a 2.5-fold risk of reoperation ([@bibr10-ejo.5000914]).

The aim of this study was to research whether SB procedure for phakic patients with PRRD is an effective approach and should lead to a good long-term result, reducing the risk of developing cataract, high IOP, or glaucoma, in addition to reducing surgical cost ([@bibr5-ejo.5000914]).

Methods {#section2-ejo.5000914}
=======

A retrospective review of 100 consecutive medical files of all the phakic patients who presented with PRRD treated with SB between January 1999 and December 2005 was undertaken. All surgeries were performed by the same surgeon (B.C.) at the Instituto de Microcirugía Ocular Barcelona. Only patients with a minimum of 5 years follow-up were included. The inclusion criteria included PRRD and phakic eye. Exclusion criteria included previous RD surgery, exudative or tractional RD, posttraumatic RD, and PVR B or more advanced state. After the selection, 90 eyes of 88 patients were studied. This study was approved by the institutional review board and followed the ethical standards of the Declaration of Helsinki.

The information reviewed from the records was codified in an Excel table and divided into 4 groups: ([@bibr1-ejo.5000914]) demographic and ophthalmic preoperative data: age, sex, eye, clinical symptoms and duration, best-corrected visual acuity (BCVA), lens status, IOP, spherical equivalent (SE), previous treatments (refractive surgery, cryotherapy, or laser photocoagulation), and status of the fellow eye; ([@bibr2-ejo.5000914]) features of the RD: number, type, and distribution of the retinal breaks, extent of the peripheral detachment measured in clock hours, posterior extent (macula on-off), and presence of posterior vitreous detachment; ([@bibr3-ejo.5000914]) data on surgery: type of buckle (segmental or 360° encircling buckle) and size, SRF drainage, cryotherapy or laser photocoagulation, use of tamponade, and intraoperative complications; and ([@bibr4-ejo.5000914]) postoperative data: primary and final reattachment, postoperative BCVA, final lens status, associated complications, additional procedures if needed, and follow-up. Preoperative and postoperative BCVA was measured using a decimal chart acuity. When the patient was not able to read a number on the chart, we used counting fingers, hand movement, and light perception. Refraction was performed on each patient by an expert optometrist. Each patient underwent slit-lamp and thorough indirect ophthalmoscopy examination. The indirect ophthalmoscopy examination was documented in the clinical notes with a schematic drawing of the retinal breaks, lattice degeneration, PVR, and extension of the RD.

Surgical Technique {#section2a-ejo.5000914}
------------------

The surgery was performed on the same day or on the day after the diagnosis and under retrobulbar anesthesia for all cases. The technique included grades of conjunctival peritomy according to the planning of 360° encircling or segmental buckle. The surgery aimed to include all breaks with a single buckle, or a combination of a segmental with a 360° encircling buckle when required. Transpupillary identification of retinal hole, tear, or break was assisted by indirect ophthalmoscopy. Transpupillary diode laser photocoagulation or transscleral cryotherapy was applied to surround the breaks, in addition to transscleral SRF drainage or intravitreal gas injection if necessary. All eyes were evaluated the day after, at day 7, 1 month, 3 months, 6 months, and annually thereafter.

Statistical Methods {#section2b-ejo.5000914}
-------------------

The BCVA achieved by each patient after 5 years of follow-up was considered to be the primary functional outcome. For statistical analysis, BCVA was converted to logMAR (SPSS for Windows, version 12.0; SPSS, Chicago, IL, USA). Quantitative parameters were expressed as mean ± SD. Preoperative and postoperative data were compared by paired samples *t* test. Both preoperative and postoperative BCVA were further compared between 2 or more subgroups of patients using independent samples *t* test or analysis of variance with least significant difference post hoc test, respectively. The Spearman rank coefficient was calculated to assess correlations between preoperative and postoperative quantitative variables and a chi-square test was used to evaluate the associations between qualitative parameters. A *p* value \<0.05 was considered statistically significant.

Results {#section3-ejo.5000914}
=======

Demographic and ophthalmic preoperative data {#section3a-ejo.5000914}
--------------------------------------------

We reviewed a total of 90 eyes (88 patients), 53% men and 47% women, with a mean age of 49.2 ± 14.6 years (range 20-80); 57% were right eyes. The most common symptom was blurred vision (32%), followed by scotoma (27%) and floaters (20%); 21% were asymptomatic. The patients presented to the clinic after a mean of 4.5 ± 6.1 days (range 0-30) after the initial symptom. Demographic details are presented in [Table I](#table1-ejo.5000914){ref-type="table"}.

###### 

Demographic features

![](10.5301_ejo.5000914-table1)

  Demographic features   No.   \%
  ---------------------- ----- ----
  Sex                          
   Female                46    53
   Male                  42    47
  Eye                          
   Right                 50    57
   Left                  38    43
  Symptoms                     
   Blurred vision        28    32
   Scotoma               24    27
   Floaters              18    20
   Asymptomatic          18    21

The mean preoperative BCVA was 0.3 ± 0.31 logMAR (range 1-0.01). Three patients had previous refractive surgery (laser-assisted in situ keratomileusis), and in another 3 the affected eye was amblyopic. Mean preoperative SE was -4.2 ± 4.3 D (range +6.00 to -18.00 D). The mean preoperative IOP was 15.2 ± 3.3 mm/Hg (range 8-26 mm/Hg). Only one patient had a previous diagnosis of primary open angle glaucoma (POAG). Indirect ophthalmoscopy showed that 16% of the eyes that had RD were treated in the past (11% treated with only laser, 2% had laser treatment combined with cryotherapy) and 23% had lattice degeneration. With regard to the fellow eye, 6% had lattice degeneration and 37% had RD treatment such as RD surgery (28%) and laser retinopexy (18%).

Features of RD {#section3b-ejo.5000914}
--------------

Only one break was found in 56.7% of the eyes (mean 1.9 ± 1.2, range 1-6 holes). Overall, we found 56.7% (51 eyes) retinal holes, 34.4% (31 eyes) retinal tears, 5.6% (5 eyes) retinal dialysis, and 3.3% (3 eyes) retinal hole and tear. The most common location of the breaks was inferior, 42.2% (38 eyes), and superior, 37.8% (24 eyes). The most common location of RD was superotemporal, 42.2% (38 eyes); inferior, 35.6% (32 eyes); and superior, 21.1% (19 eyes). The mean extent of RD was 4.9 ± 1.8 clock hours (range 2-12 clock hours), with a mean compromise of 2 quadrants. There was only one total RD. Posterior vitreous detachment was present in 42.2% of the cases, PVR grade A in 3.4%, and mild vitreous hemorrhage (VH) in 1%. The macula was on in 82% of the cases and off in 18% ([Fig. 1](#fig1-ejo.5000914){ref-type="fig"}).

![Macular condition on diagnosis.](10.5301_ejo.5000914-fig1){#fig1-ejo.5000914}

Surgical data {#section3c-ejo.5000914}
-------------

All cases were treated with only SB. The most frequent treatment was segmental SB (59%), where the segmental circumferential SB was 56% (50 eyes) and the segmental radial was 3% (3 eyes). The 360° encircling SB was 41%, where 26% (23 eyes) had 2.5 mm SB and 15% (14 eyes) had 4 mm SB.

Each size was used according to the axial length of the eye. Subretinal fluid drainage was performed in 67.8% and anterior chamber paracentesis in 3%. Peripheral laser retinopexy was done in 91.1%, cryotherapy in 7.8%, and both in 1.1%. The great majority of cases (88.9%) did not require tamponade. In 10% (9 eyes), the surgeon used 0.2 mL SF~6~ 100% and in 1 eye 0.4 mL of air ([Fig. 2](#fig2-ejo.5000914){ref-type="fig"}). There were no intraoperative complications reported.

![Adjuvant intraoperative treatment.](10.5301_ejo.5000914-fig2){#fig2-ejo.5000914}

![Inferior retinal detachment with 2 quadrants compromised and multiple inferior holes.](10.5301_ejo.5000914-fig3){#fig3-ejo.5000914}

![Peripheral segmental indentation and retinal laser scars (images taken with Optomap®; Optos plc, Dunfermline, Scotland).](10.5301_ejo.5000914-fig4){#fig4-ejo.5000914}

Postoperative data {#section3d-ejo.5000914}
------------------

The primary retinal reattachment rate was 96.7%. In 3.3% of the cases, additional procedures were performed to reattach the retina, and after surgery (range 1-3), all the cases had the retina reattached. Results are detailed in [Table II](#table2-ejo.5000914){ref-type="table"}.

###### 

Results

![](10.5301_ejo.5000914-table2)

  Results                                             \%
  --------------------------------------------------- ------
  Data on surgery                                     
   Subretinal fluid drainage                          67.8
   Peripheral laser                                   91.1
   Cryotherapy                                        7.8
  Success rate of scleral buckling surgery (n = 90)   
   Primary                                            97
   Secondary                                          100
  Ocular complications in the first year (n = 90)     
   None                                               92
   Subretinal fluid                                   3
   Cystoid macular edema                              3
   Subretinal hemorrhage                              1
   Explant extrusion                                  1

Five patients (5.7%) in whom the retina was primarily attached had recurrent RD within 4 years (range 2-4 years). In all these cases, anatomical success was achieved with 1 to 3 additional surgeries, and the retina remained attached during the entire follow-up.

The final BCVA was 0.10 ± 0.17 logMAR in macula-on RD and 0.16 ± 0.28 logMAR in macula-off RD (p\<0.05, independent samples *t* test).

During the first year of follow-up, 92.2% did not develop ocular complications, 3.3% had subretinal hemorrhage (3 eyes), 2.2% had persistent SRF (2 eyes), 1.1% had cystoid macular edema (CME) (1 eye), and 1.1% (1 eye) had VH. After 1 year, one SB was removed due to extrusion and another developed subretinal fibrosis. After 5 years, one eye developed a myopic choroidal neovascularization, which required intravitreal antiangiogenic therapy. The mean postoperative IOP was 15.5 ± 2.6 mm/Hg (range 9-19 mm/Hg). Two patients developed open-angle glaucoma (OAG) during the follow-up; however, it was bilateral, and the finding was not related to the surgical procedure. In this group of patients, the mean follow-up time was 8.5 ± 2.6 years (range 5-13 years).

Discussion {#section4-ejo.5000914}
==========

Our research is a retrospective long-term study of consecutive SB surgery in phakic PRRD in one institution in Barcelona, Spain. The results showed a high anatomical and functional success rate, and no cases of cataract progression, glaucoma development, or endophthalmitis, in contrast to reports from PPV research papers ([@bibr11-ejo.5000914]). The patients presented here had sustained visual acuity (VA) rehabilitation.

We reviewed the literature on PRRD treatment reporting functional and anatomical outcomes and complications. In a study that compared the results of primary PPV and conventional SB procedures in uncomplicated forms of phakic RRD, the BCVA achieved after SB was statistically significant and sustained over the time, similar to our outcomes ([@bibr12-ejo.5000914]). The above conclusion, with regard to long-term stable BCVA, was supported by a 10-year visual function follow-up study on 205 patients after SB, which reported improved and sustained BCVA over this period of time ([@bibr13-ejo.5000914]). Also, a recent report from Wong et al ([@bibr14-ejo.5000914]) comparing visual outcomes between PPV with or without SB and SB alone in the management of macula-off PRRD showed that in the SB group 43.2% achieved functional success compared with 28% in the PPV±SB group.

In addition to these successful VA outcomes, our study achieved a primary reattachment success rate of 96.7%, vs the 64% to 93% success rate reported by the SPR study ([@bibr15-ejo.5000914]) comparing SB vs primary PPV in rhegmatogenous RD. Also, 100% of secondary reattachment success was achieved, in comparison to the 97% presented in the same SPR study.

In RD secondary to retinal dialysis (5.6%), SB with cryotherapy was an effective primary procedure. A retrospective study ([@bibr16-ejo.5000914]) of 28 patients treated with cryobuckle procedure for RD secondary to retinal dialysis reported a single operation anatomical success of 92.9%. Their most frequent postoperative complication was exposure of the cryobuckle under the conjunctiva in 67.9% of cases. We did not see this type of postoperative complication in our study patients; however, this may be due to the small number of RDs secondary to retinal dialysis in our sample.

Cryotherapy was applied as an intraoperative adjuvant treatment in 7.8% of patients. There was no reported postoperative inflammation or emergence of PVR. Conversely, Veckeneer et al ([@bibr17-ejo.5000914]) reported postoperative flare in patients receiving cryotherapy. The same authors concluded that VA after 10 weeks of treatment was not significantly different between cryotherapy and laser photocoagulation. Our cases treated with laser photocoagulation did not display any complications, in contrast with van Meurs et al ([@bibr18-ejo.5000914]), who reported cases of postoperative PVR, but with encouraging anatomical results.

A state of the art study ([@bibr19-ejo.5000914]) researching SRF after rhegmatogenous RD surgery performed with different surgical techniques was published in 2012. The authors found that persistent SRF appears to occur more frequently in patients with longstanding detachments before the SB. This suggests that these specific cases may require further surgery to help drain the remaining fluid that in many cases can delay recovery and may affect final VA. Our study had just 2.2% SRF cases after SB surgery. We hypothesize that this low incidence of SRF might have been because all the RD cases were treated in a short period after presenting symptoms.

Another prospective research study carried out on 98 patients treated with SB surgery ([@bibr20-ejo.5000914]) found that persistent SRF occurred in 55% of the patients after 6 weeks. This persistent SRF disappeared around 10 months later, and was responsible for delayed visual recovery. The visual outcomes were favorable. In our research study, we did not use routine spectral-domain optical coherence tomography (SD-OCT) to assess all the patients postoperatively. We used it when we suspected SRF due to poor improvement of BCVA. This can be a reason for the difference in percentage in the SRF between the study by Benson et al ([@bibr20-ejo.5000914]) and ours. In our study, the persistence of SRF was resolved after 12 months without jeopardizing the long-term visual recovery.

Peripheral SRF can be monitored more accurately with scanning laser ophthalmoscopy/SD-OCT; OCT also can confirm whether the holes have been closed and the retina is attached ([@bibr21-ejo.5000914]).

After 1 year of follow-up, 92% of the patients did not have any complications. In the other 8%, we observed the following: SRF (3%), CME (3%), exoplant extrusion (1%), and subretinal hemorrhage (1%). Every complication was resolved accordingly. Other complications after an SB surgery technique reported in different studies, such as double vision, squint, raised IOP, PVR, or epiretinal membrane ([@bibr22-ejo.5000914]), were not seen in our group of patients.

After a mean follow up of 8.5 years (range 5-13 years), no patient developed OAG secondary to the SB procedure. Two patients were diagnosed with POAG during the follow-up, but it was bilateral and not related to the surgery. This supports the use of the SB technique vs PPV, which can introduce the risk of OAG, due to oxidative damage to the trabecular meshwork cells altering the drainage of aqueous fluid after PPV ([@bibr4-ejo.5000914]).

There were no cases of cataract development in our sample, in contrast with the progression of nuclear sclerosis and posterior subcapsular opacification of the lens after PPV described in a report of 193 cases treated with vitreoretinal surgery. This cataract formation was reported as common by Feng and Adelman ([@bibr23-ejo.5000914]) following PPV regardless of the gauge used. In addition, a meta-analysis of randomized controlled trials that analyzed SB vs PPV for uncomplicated PRD reported no cataract progression after SB, and for the PPV the major drawback was the high incidence of postoperative cataract formation ([@bibr6-ejo.5000914]).

A retrospective review of 45 patients who underwent SB for inferior RRD reported 80% anatomical success, in contrast with our group of inferior RD patients ([Fig. 3](#fig3-ejo.5000914){ref-type="fig"}), who all had retinal reattachment after inferior SB ([Fig. 4](#fig4-ejo.5000914){ref-type="fig"}). The authors argued that this specific group of patients with inferior RD consulted late and were mostly myopic ([@bibr24-ejo.5000914]). They concluded that the buckle has to be positioned according to the location of the breaks in order to reattach the retina successfully, supporting our study findings.

Our study has shown that SB is effective in closing a tear, hole, or break in any of the 4 quadrants with successful anatomical outcome. However, account should be taken of the bias in our research, such as single-center data, a single surgeon operating, and retrospective data.
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